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IN THE UNITED 



STATES PATENT AND TRADEMARK OFFICE 



In re patent application of: 



Docket No. P27154 



Michael P. Belyansky, 



et al. 



Confirmation No. 2429 



Group Art Unit: 2818 



Appln. No. 



10/708,430 



Exanniner: A. Huynh 



Filed 



March 3, 2004 



For 



MOBILITY ENHANCED CMOS DEVICES 



Commissioner for Patents 

U.S. Patent and Trademark Office 

Customer Service Window, Mail Stop Amendment 

Randolph Building 

401 Dulany Street 

Alexandria VA 22314 

COVER LETTER TO SUBMIT EXECUTED RULE 1.131 DECLARATION 

Sir: 

The undersigned submits herewith two partially executed Rule 1.131 declarations 
that are executed by all of the inventors of the above-captioned application. 

Applicants' representative fon/varded a copy of the Rule 1.131 declaration along with 
IBM Disclosure FIS8-2003-0281 and the Amendment Under 37 C.F.R. § 1.111 to the 



Inventors Gluschenkov and Belyansky sent back four pages of the declaration and 
five pages of the IBM disclosure by facsimile to Applicants' representative after signing and 
dating the declaration. Inventor Doris also sent back on a separate date four pages of the 
declaration and five pages of the IBM disclosure to Applicants' representative after signing 
and dating the declaration. 

Applicants respectfully submit herewith the two partially executed declarations as 
sent to Applicants' representative by the Inventors along with a copy of the Amendment 
Under 37 C.F.R. § 1.111 added herein by Applicants' representative, and which is 



inventors. 
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substantially identical to the one sent to the inventors along with the declaration and IBM 



Should there be any questions regarding this paper, please contact the undersigned 
at the below listed number. 



December 27, 2005 
GREENBLUM & BERNSTEIN, P.LC. 
1950 Roland Clarke Place 
Reston, Virginia 20191 
(703)716-1191 



disclosure. 



Respectfully submitted, 
Michael P. Belyansky. et aL 




Andrew M. Calderon 
Reg. No. 38,093 
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IN THEiTRffED STATES PATENT AND TRADEMARK OFFICE 

In re patent application of: Docket No. P271 54 

Michaal P. Belyansky, ef al. Confimiation No. 2429 

Appln. No. : 10/708.430 Group Art Unit: 2818 

Filed : March 3. 2004 Examiner: A. Huynh 

For : MOBILITY ENHANCED CMOS DEVICES 

Commissioner for Patents 

U.S. Patent and Trademark Office 

Customer Service Window, Mail Stop Amendment 

Randolph Building 

401 Dulany Street 

Alexandria VA 22314 

DECLARATION UNDER 37 C.F.R. 1.131 

Sir: 

We. Bruce B. DORIS, Oleg O. GLUSCHENKOV, and Michael P. BELYANSKY 

do hereby declare: 

1 . We are co-inventors of the subject matter disclosed and recited in 
independent claims 1, 19 and 31 of the above-identified application. 

2. We completed the invention of claims 1 , 19 and 31 (and those claims 
dependent thereon) in the United States before July 25, 2003, as evidenced below. 



CONCEPTION 

3. Before July 25, 2003, we conceived of a method of manu^cturing a 
semiconductor structure, comprising the steps of fonning spacer voWs between a gate 
a mandrel layer, creating recesses in a sutistrate below and in alignment with the 
spacer voids, filling a first portion of the recesses with a stress imposing material, filling 
a second portion of the recesses with a semiconductor material, and removing the 
mandrel layer before July 25, 2003. 
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4 We also conceived of a method of manufacturing a semiconduelot 
structure, comprising the steps of fomiing dummy spacers on sides of a gate fomned on 
a substrate, fom,ing a mandrel layer «ih portions of the mandrel layer abutting »he 
dummy spacers, removing the dummy spacers to fom, spacer voids be»«een tl^ ^e 
and the mandrel teyer. crea^ng recesses in the substrate below and ,n alrgnme,^* 
me spacer vo«s, filling a f.«t portion of the recesses w«h a stress '-'"-a rr^^'I; 
^ flng a second portion of the recesses with a semiconductor matenal before JuV 

25.2003. ^ I , 

6 We also conceived of a method of manufacturing a semiconductor 

structure, comprtsing the steps of ,om,ing afleld eff^t-ans^tor gateona suj^^ 
fon„ing a first dummy spacer and a second dummy spacer on s«tes of the field effe^ 
Lilr gate, f^^ing a ma™.«. layer v«th portions of the ma«.re, layer abutbng t^ 
first and second dummy spacers for the Sold effect transistor gate, after masKing the 
semteonductor, mm^udng stress to the field effect transistor gate, and removng the 
„«nd,e. layer, wherein the step of in«educing stress materia, comprises ^ov^ 
firs, and second dummy spacers from the fieW effect translsto. gate to fom, first and 
second spacer voids between tt» field effect transistor gate and the port»ns of to 
n^ndrel teyer, ceaUng a first recess in the substrate below and in " 

spacer void and a second recess in «.e substrate below and ,n 
second spacer void for the field effect transistor gate, filling a first port«n of the first 
recess and a first portion of the second recess with a stress imposing matenal 

configured to enhance perfomtanoe of the fie« effect transistor gate. f«lir^ a s«ond 
portion of the first recess and a second portion of the second recess for the field effect 
transistor gate with a semiconductor material, and unmasking the semiconductor 

structure before July 25, 2003. < ,q.„j 

6 Evidence of such conceptions as disclosed and recited in claims 1 , 19 and 
31 of the appncation is shown in an embodiment of which is evidenced by IBM 
invention Disclosure FIS8-2D03^281 (hereinafter refened to as ' the lnvent«>n 
Disclosure-) attached hemto as Exhibit A. The Invention Disclosure attached hereto .s a 
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photocopy of and are identical to the originals, except that alt pertinent dates have been 
removed therefrom. 

7. Ail relevant dates removed from the Invention Disclosure and other 
attached documents attached hereto are before July 25, 2003. 

8. The benefits and features of the recited invention are shown and 
described in the Invention Disclosure and accompanying documents. 

9. These features and others are exemplified in the figures accompanying 
the Invention Disclosure. 

DUE DILIGENCE 

1 0* At least inventor Bruce B. DORIS communicated with outside patent 
counsel, Andrew M. Caideron. in preparing a patent application based on the invention 
Disclosure. 

11. We worked diligently on the preparation of the patent application by first 
submitting the invention Disclosure statement to In-house IBM counsel. In particular: 
on or about May 27, 2003, the invention disclosure FIS8-2003'0281 was opened; on or 
about May 29, 2003, this invention disclosure was sent to an IBM evaluator; on or about 
May 29, 2003, this invention disclosure was evaluated; and on or about July 1 1, 2003, 
the invention disclosure was reviewed. 

12. After a prior art search was conducted and the Invention Disclosure was 
mailed to outside counsel, Andrew M. Caideron, we worthed diligently on the preparation 
of the patent application with outside patent counsel Andrew M. Caideron until a final 
draft patent application was completed to our satisfaction. Communications took place 
between at least one of the Inventors and Mr, Caideron at least between July 1 1 , 2003 
and February 4, 2004. 

13. A final draft of the patent application was forwarded to IBM in-house 
counsel on February 4, 2004 for execsution of the formal documents by all of tiie 
inventors. The inventors signed the documents for filing in the U.S. Patent and 
Trademark Office, which was effectuated on March 3, 2004 by in-house counsel. 
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14. We declare that all statements made herein of our own knowledge are 
true and that all statements made on Information and belief are believed to be true; and 
further, that the statements were made with the knowledge that wilHiil false statements 
and the like so made are punishable by fine or imprisonment, or both, under Section 
1001 of Title 18 of the United States Code, and that such willful false statements may 
jeopardize the valklity 




PRllcation or any patent issuing thereon. 



Date 



Oleg G. GLUSCHENKOV 



Date 



Michael P. BELYANSKY 



Date 
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Disclosure FIS8-2003-0281 

Prepared for and/br by an IBM Attorney - IBM Conrdenttal 

Created By Bruce Doris On 

Last Modified By OJeg Gluschenkov On - - 



Required ftckte are maiked wim ihe asterisk (*) and must b© law 



Title of disclosure (In English) 
MOBILITY ENHANCED CMOS DEVICES 
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RS8-2003^1 MOBiUTY ENHANCED CMOS DEVICES • eorttimjea 



Attorney/Patent Joseph P Abaie/FishWlWBM 

Professional 

IDT Team Oleg Gluschenkov/Tishkill/IBM 

wniiam Devine/Fishkfll/IBM 
DOMINIC SCHEPIS/Fishkai/IBM 
David Hanson/RsMdli/IBM 
Thomas Dyer/FishkOI/lBM 
Noah Zamdmer/Fishkia/IBM 
DURESETI CHIDAMBARRAQ/Hshkin/IBM 
Werner Rausch/RshKlVIBM 

Response Due to IP&L 
*Main Idea 

1. Background: What is the problem solved by your invention? Describe known solutions to this problem 
(a any). What are the drawbacks of such loiown solutions, or why is an additional solution required? Cite 
any relevant technteal documents or references. 

Mobility enhanced devices ar^ likely to enable the continued perfomiance trend for high performance Rgic 
circuits. Several approaches to generate mobiUty anprovements are actively being persued* One approach 
is to strain the Si by growing epitaxy Si on relaxed SiGe layers. TWs, traditional approach has several 
drawbacks. SpecificaSy, no pFET improvement has been obsen^ed for Qe concentrations below 30%, In 
additkw, the technique Is capable of generating a significantly high densfty of defects. Dopant difhisfon of 
Arsenic is also problematic in SiCe layers and can lead to degraded short <^nne1 effects. 

Alternate appioacties to improving moWnv in short channel devices is gaining a great deal of attention. 
Local mechanksal stress is capable of enhancing mot^ity in both nFETs andpFCTs. ln^addition;ihe-^ 
process and device related problems associated with strained S by SiGe are overcome by the local 
mechanical stress approach. 

This invention is directed toward stress enhanced cmos devtoes. The jnventk>n has unique stmcture and 
m^od to achieve the structure which results In significant device perfomnance improvement for both 
pFETs and hFETs. 

2. Summary of invention: Briefly descnl>e the core idea of your invention (saving the details for questions 
#3 t>elow}. Describe tfie advantage(s) of using your invention instead of tt)e known solutions described 
above. 

A standard process flow is used to fabricate the structure shown below. A typical sequence may indude 
but is not limited to first providing a semk;orKluctor substratOL Next, an isolation shceme is used to isolate 
devfces. The isolation shceme may bo a measa type isolatkxi shceme, local oxidation of Si (LOCOS) 
scheme or a shaltow trench isolation scheme. Well implants are used to set threshold voUages; A gate 
oxklation process is next carried out fdlowed by gate patterning. In one embodiment, a hard mask is left 
ontop of the gate ef ecUfode after the gate slack etch. After this, a dummy spacer is fabricated by depositing 
a cBsposible material and perfomnihg a spacer etch. In another embodiment in which the gate cap is used, 
a thin Si02 liner is deposited foflowed by deposition of a poly Si film. A spacer is formed from the poly Si 
film. Next a di^ectric film is deposited and planarized to the top of the gate cap. A btock mask is now 
patterned over the pFET regions. The (fispo$a>le spacer is then removed from the nFET regions using a 
wet or dry etch process. If an Si02 liner is used* then the liner is removed by a wet or dry etch process. 
Next the Si is etch using a timed etch process. The block mask Is now removed. At tNs point in the 
process ftow» an interfacial layer is fabricated. For example, a nitrided interface as is used in the buried 
strap process is used. A tensile material is deposited and recessed in the opening. Alternatively, poly Si is 
deposited and recessed in the hola Upon annealing, the poly Si grains grow and ttie material undergoes 
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contiDuod 



a v«,u.ns coniracBon. TTws caus^ tension in the nFET channel themh^ »nh««. „ ,^ 

sirralar process sequence mav t)e usad m r««i^ . thereby enhancing electron mobiniy. A 

Of compressive nS?c;Se^rFCT^Sl^M3r.T^ One possible choice 

channels. After the stressing m£eS b SS^SS '!!^ may be used to stress the 

carried out Jhs ptenarired iele^imS^^^St^^'^^ ^' 9'^^ P'^^ « 
A standard pnxess flow is used toloZ^^^J^^ to the gaie and Si substrate, 

sourcesirain spacer. source^ii^SSfF^JaJd^^^^^ '"V'^. 

Starting structure with patterned gate and disposible spacer: 




Deposit dietectric film ajxl planarize to top of gate. 




Remove disposibJe spacer. 
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RU with compressive mateiiai for pFET or tensile material for nFFT, and recess. 
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